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Abstract
This paper describes organizational knowledge in part as an interaction between the human and procedural
planning structures that engender certain types of organizational behavior.  The interaction is formalized in
a computer-based model that predicts and explains human behavior in a proceduralized process-control
environment.  The model in turn serves as a framework for a more general model that is potentially applicable
to other procedure-based task environments.
Introduction
An organization’s knowledge can be resident in various component forms, including written documentation, structured
information stored in electronic databases, codified human knowledge stored in expert systems, documented organizational
procedures and processes, and tacit knowledge acquired by individuals and networks of individuals, among others (O’Leary,
1998). The complexity of organizational knowledge becomes more evident when one also considers the myriad interactions that
can occur between these components. Individuals, for example, will act based on an integration of their own knowledge, the
knowledge of other individuals, as well as written and electronic information available within and outside of the organization.
They also will operate under constraints imposed by any applicable organizational procedures.
This study focuses on the organizational knowledge that is implicit in these types of interactions. Specifically, it describes
a unified planning model that represents organizational behavior, in part, as the interaction between human decision makers and
organizational procedures, collectively forming a complex system that attends to a single, shared set of organizational goals
(Pople et al, 1994). The goal of the study is to better understand how interactions comprise the knowledge and behavior of
complex systems, and by so doing construct support tools that aid in the management of such systems.
Constituents of a Complex System
A complex system is a manufacturing, biological or social environment which, by its nature, distributes decision making
and actions across the automated control processes, organizational procedures, and human interactors that collectively comprise
the system. Organizational procedures are an important, but not necessarily deterministic, influence on the planning behavior
of a human decision-maker. Although people tend to act within the context of procedures, they occasionally must deviate from
them when the requirements of a situation render procedure directives inadequate or counterproductive.  This leads to two general
propositions regarding organizational knowledge:  1) the knowledge is distributed among the human and procedural elements
of the organization, and, therefore, 2) system behavior is produced from an interaction between these distributed planning
constituents.
A complete interpretation of system behavior requires understanding the applicability and impact of the various interventions
that might be imposed in particular situations.  In a manufacturing setting, for example, the causal link between a set of
components might be broken if an automated safety feature, or human intermediary, intervenes prior to the anticipated effect
of one component on another. The notion of interventions in turn presupposes 1) the existence of a set of goals that are to be
maintained or achieved within the system and 2) a set of plans for maintaining or achieving those goals.  From the perspective
of the human actor, these goals and plans come from an interaction between the hierarchical planning structure of the imposed
procedure and the personal planning structure of the actor.  This research focuses specifically on the interaction between these
planning structures, and the system behavior that results from that interaction.  Because each structure is a repository of
organizational knowledge, it follows that system behavior can be explained by placing an observed action within the context
of either, or both, of these planning structures. In integrating these structures, this work draws on separate bodies of research
in the use of procedures to explain organizational behavior (see (Allison, 1971; March and Simon, 1993)), and in the use of AI
plan recognition to explain observed human actions (see (Kautz and Allen, 1986; Carberry, 1990).
Model Constituents–The Sources of Organizational Knowledge
In this study, a computational model of complex system behavior was constructed from analysis of empirical data gathered
in a human-mediated, process control environment (Nuclear Power Plant (NPP) operations). Although highly proceduralized,
the task nevertheless demonstrates the limitations of procedures in determining the behavior of human intermediaries, and
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Figure 1.  A Process Model of Plan Generation and Induction
therefore, in determining the overall behavior of a complex system. Observations of behavior in simulated scenarios indicate
that, despite the ritualized nature of procedure execution and the possibility of sanctions for deviations, operators will deviate
from the directives of a prescribed procedure when they believe that rote execution of the procedure is not appropriate.
The computer model was developed from an analysis of the relevant procedures and the reasoning of operators, as evidenced
by their utterances and actions, during simulated plant emergencies. The goal of the model was to predict, and then explain, the
behavior of the complex system based on a description of the organizational environment.  An abstract illustration of the process
model is shown in Figure 1 and described below.
The model is comprised of
constituents of both procedural and
human planning, which include:
• the p-goal hierarchy – the
goals and actions (i.e., steps or
directives)  represented by a
procedure
• the procedure pathway – an
inferred series of steps leading
to a goal in the hierarchy
• the m-goal hierarchy – the
operational goals and actions
held by individual human
operators
• the r-goal hierarchy – the ad
hoc reactive goals and plans
generated by operators in
response to actual or
anticipated m-goal violations
The specific goals and actions
implemented at any given time are
influenced by four decision
variables, which collectively characterize the state of the world in the context of the structures described above. The variables
are:
1. The presence or absence of an available procedure pathway:  A procedure pathway is one of what might be several
alternative series of steps through a procedure. Pathways are important because they identify alternative programmatic
means of attaining procedure goals, and in so doing allow a procedure-constrained decision maker to think strategically
about how or whether the procedure is capable of attaining organizational goals. 
2. The conformance of conditions for step execution with current system state:  Each step or directive in a pathway has certain
explicitly-defined conditions for its execution -- conditions which the original procedure designers felt were required in the
default circumstances under which the procedure would be executed. If those conditions are not in compliance with the
current state of the world, execution of the step -- and traversal of the path -- will result in a violation of procedure
constraints. 
3. The conformance of step assumptions with current system state:  The ‘default circumstances’ described above comprise the
implicit assumptions or expectations that, like explicit conditions, constrain the execution of a particular procedure step.
Because a pre-formulated procedure cannot anticipate every possible situation that might arise during procedure execution,
a procedure might direct or prohibit execution of a step based on possibly incorrect assumptions concerning the state of the
world. If so, an actor who decides to violate the procedure might construct a rationale in part by citing the validity, or lack
thereof, of inferred assumptions.
4. The source of an organizational goal violation:  This variable presumes that procedure-deviating human behavior is
motivated by the failure of procedures to achieve required goals, thus resulting in goal violations. In the context of this
research, organizational goals can become violated in one of two ways: 1) an external event or series of events in the system
causes the goal to fall out of compliance, or 2) execution of a procedure directive violates the goal. If the source is external,
the actor might be motivated to execute a specific procedure step identified as a potential means of restoring the goal.
However, if the source is itself a procedure directive, the actor might instead choose to avoid the execution of the step,
particularly if countermeasures that might mitigate or negate the effect of the step are unavailable.
The model is comprised of two basic modules.  The plan generation module predicts behavior by identifying plan structures
appropriate to a given state of the world, which is updated by a series of system events, and then recording the structures and
associated actions as expectations of future system behavior.  The plan induction module, in turn, monitors subsequent actions
(response events) and attempts to match those actions with recorded expectations. When a plausible match is found, the planning
context linked to the action provides a goal-based framework within which the action can be explained. Actions can be explained
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-- and justified -- either solely by procedural directives and goals, or by the ad hoc interaction of human and procedural planning
structures.
Conclusions and Future Research
Because procedures do not determine organizational behavior – even in the highly proceduralized domain of NPP operations
– the findings described here are potentially applicable in other procedure-driven organizations and environments. In the legal
domain, for example, regulations mandate actions required for various business transactions, and thus are considered a type of
procedure.  Individuals engaged in such transactions generally conform to regulations, but under certain circumstances will
deviate from the regulations when individual goals are threatened.  In this respect, the model shows some promise in explaining
actions taken in the context of mergers and acquisitions regulations, and in addressing the issues of management fraud in
auditing, to cite two examples. In the medical domain, the model is potentially useful in understanding physician interaction with
treatment protocols. As in the other domains, a physician will tend to follow protocols -- except when doing so might endanger
the health or life of the patient.
The theory embodied in the model has significant implications for human-computer collaboration in complex systems. In
a general sense, by exploring how and why actors sometimes feel compelled to work outside of imposed procedures, this study
lays the groundwork for an improved computationally-based method of procedure execution -- one that is capable of engaging
in a collaborative problem-solving dialogue with a human decision maker. It does so by establishing a framework for a general
explanatory model of organizational knowledge and behavior that exploits the important role of procedures in understanding
and explaining intentional human actions. 
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